The data presented in the study are available from <https://doi.org/10.17605/OSF.IO/AQM9U>.

Introduction {#sec001}
============

Over the past decade, mindfulness-based interventions have been seen to offer promising therapeutic results throughout the life cycle, from infancy to senescence \[[@pone.0215569.ref001]--[@pone.0215569.ref003]\].

Within this field, clinical and health-related studies enjoy the greatest proliferation, although at present mindfulness practice is becoming increasingly prevalent in other settings, such as organizations, schools and in the world of sport \[[@pone.0215569.ref004]--[@pone.0215569.ref008]\].

In contrast, research relating mindfulness and college studies is scarce. The current systematic reviews of scientific production over the last ten years (2007--2017), based on the Web of Science, indicate a total of 652 articles published in any language, of which 96 articles are related to Social Science Research within the field of education. However, the studies linking mindfulness to university students have dropped to a total of 23 articles in which a total of 3,835 students have participated \[[@pone.0215569.ref009]\].

In this field, some studies \[[@pone.0215569.ref010]\] demonstrate its effectiveness in promoting health and well-being in university students, increasing student life satisfaction and significantly reducing depression and anxiety. Improvements are also noted in knowledge retention \[[@pone.0215569.ref011]\], grades improvement, in the areas of reading and science, and test performance \[[@pone.0215569.ref012]\].

Regarding the concept of empathy, it can be defined as an important component of social cognition that contributes to our ability to understand and respond adaptively to the emotions of others, to succeed in emotional communication and to promote prosocial behavior \[[@pone.0215569.ref013]\].

While definitions have changed according to different approaches and perspectives, recent research emphasizes the distinction between cognitive and emotional components \[[@pone.0215569.ref014]\]. The agreement between researchers and theorists on the interrelated processes that contribute to empathy has been difficult, there is a lack of consensus on whether the processes related to empathy---perspective taking, sympathy, personal distress, emotional contagion, mind theory---are part of "affective insight into the feelings of another, or are facets of a central process required for empathic responding" \[[@pone.0215569.ref013]\].

The main theoretical contributions and research on empathy and its relationship with mindfulness show that the human being is born with a biological predisposition to be empathetic, being the environment in which one evolves the one that determines one's level of development. Educating in empathy opens the possibility of moving towards a society of understanding \[[@pone.0215569.ref015]\].

At a biological level, Lutz et al. \[[@pone.0215569.ref016]\] found that practicing mindfulness affected the neuronal processes associated with empathic responses. Hölzel et al. \[[@pone.0215569.ref017]\] concluded that 30 minutes of daily meditation increased the grey-matter density of the parts of the brain associated with empathy. Along the same lines, the practice of mindfulness has also been related to a greater amount of grey matter in the part of the cerebellum associated with cardiorespiratory control \[[@pone.0215569.ref018]\].

Many studies indicate that training in mindfulness leads to an increase in the different aspects of empathic attitude \[[@pone.0215569.ref019]\]. Thus, mindfulness practice implies a change at the cognitive level in the different dimensions (observe, describe, act consciously ...), and therefore in the cognitions of the *mindfulness* construct \[[@pone.0215569.ref020]\]. Research with therapists \[[@pone.0215569.ref021]\] concluded that those who practiced meditation scored higher for empathy than those that did not.

We found evidence of recent interventions that propose training in mindfulness as a means of working on and improving empathy \[[@pone.0215569.ref022]--[@pone.0215569.ref025]\] as it increases empathy responses \[[@pone.0215569.ref026]\].

However, some results suggest contradictions about its effects, and in this sense Dekeyser et al. \[[@pone.0215569.ref027]\] in their study of a sample of psychology students and their parents, observed a negative association between the level of mindfulness and personal discomfort, which led to questioning the beneficial effect on empathy. However, further research reinforces the positive results. Although studies are limited and many issues remain unresolved \[[@pone.0215569.ref023], [@pone.0215569.ref028]\] there is preliminary evidence of a positive association between mindfulness and empathy \[[@pone.0215569.ref029]\].

To date there have been many studies that attempt to explain this relationship through correlation and regression analyses \[[@pone.0215569.ref023]--[@pone.0215569.ref024]\]. However, we did not find any research that empirically considers the mediating effects of the cognitions derived from mindfulness in relation to empathy. Moreover, most of the studies relating mindfulness practice to empathy have been conducted in therapeutic contexts and focus on health variables or on how mindfulness improves therapists' empathic skills \[[@pone.0215569.ref021], [@pone.0215569.ref030], [@pone.0215569.ref031]\]. It is not easy to find studies conducted in non-professionalized or non-therapeutic contexts that relate the two variables \[[@pone.0215569.ref032]\] and we haven't found any paper that studies the mediating effects on the university population.

The main objective of this study is to further the understanding of why mindfulness practice impacts on empathic processes, by analyzing the mediating effects of the cognitions that derives from *mindfulness* construct. The study focuses on its practice in informal contexts or environments--during leisure activities, at meditation centers or in mindfulness-related courses--which have been largely ignored in previous studies.

We have conceptualized empathy as a mainly emotional process that does not depend on a cognitive understanding, although it is considered that it can facilitate both understanding and action \[[@pone.0215569.ref013]\].

Thus, in accordance with the results of other investigations, we hope to confirm that mindfulness practice improves empathy -hypothesis 1-. However, our hypothesis considered that this total effect would be mediated by the changes that practicing mindfulness engenders in the cognitions of the *mindfulness* construct. In other words, that mindfulness practice (conduct) modifies the mindfulness cognitions -hypothesis 2- and that this improves empathy (emotion) -hypothesis 3-, with the direct effect of mindfulness practice on empathy disappearing in the presence of this mediating variable -hypothesis 4-.

Afterwards, the indirect effects of each facet of mindfulness construct are studied to determine which mediators have the greatest impact in terms of improving empathy -hypotheses 5 to 7- through mindfulness practice.

Methods {#sec002}
=======

Participants {#sec003}
------------

A non-probabilistic convenience sample of 264 volunteer students from Sheffield Hallam University, South Yorkshire, England, was used. The gender distribution was 48 males and 216 females, from the Faculty of Psychology, with an average age of 24.13 years (SD = 11.39; age range = 18--71 years). With regard to the gender distribution, although there is a marked bias towards the female population, this proportion is representative of the university population in the field of studies analyzed, the OECD indicators \[[@pone.0215569.ref033]\] on higher education indicate that there are great differences according to the field of study, and the percentage of women in the United Kingdom in the area of education is 74%, Ireland (68%) and Spain (81%) with respect to the area of health and social services United Kingdom (79%), Ireland (75%) and Spain (72%). In this case we have chosen to have a larger representative sample of the population studied to the detriment of a more homogeneous sample.

With regard to the practice of mindfulness, the participants answered the following question: "Have you had any mindfulness training?". Thus, the sample was divided into two groups: those who had never practiced mindfulness before and those who had practiced it in informal contexts, that is, outside closed programs with a predetermined number of sessions.

Measures {#sec004}
--------

The instruments used were the Five Facet Mindfulness Questionnaire, FFMQ \[[@pone.0215569.ref020]\] and Toronto Empathy Questionnaire, TEQ \[[@pone.0215569.ref013]\], selected for their psychometric characteristics and their appropriateness for the purpose of the study. In addition, both scales have been used in previous studies with a university population similar to that of this study \[[@pone.0215569.ref034]--[@pone.0215569.ref036]\]. The FFMQ was designed to measure mindfulness with psychometric guarantees through factor analysis encompassing five different scales that measure a trait-like general tendency to be mindful in daily life. The FFMQ comprises 39 items relating to five different subscales: observing (the ability to perceive and recognize internal or external stimuli), describing (labeling internal experiences with words), acting with awareness, non-judging of inner experience (referring to a dispassionate stance toward thoughts, sensations or emotions) and non-reactivity to inner experience (referring to how removed the subject is from their thoughts and feelings and how quickly or slowly they react to a stimulus). These are grouped into a general second-order factor that collects the cognitions of mindfulness in a single dimension. It provides a broader assessment of mindfulness in terms of attention control, emotion regulation and self-awareness compared to other popular scales such as the Mindful Attention Awareness Scale (MAAS) \[[@pone.0215569.ref037]\]. The FFMQ has been validated in several countries, languages and cultures such as France, Holland, Germany, China, Norway and Chile amongst others \[[@pone.0215569.ref038]\]. It is adequately reliable and has convergent and discriminant validity (Cronbach's alpha of .75 to .92) \[[@pone.0215569.ref020]\].

Toronto Empathy Questionnaire. The TEQ \[[@pone.0215569.ref013]\] is a brief and reliable questionnaire (Cronbach's alpha of .81) that measures empathy as a primary emotional process. From a compilation of the scales most commonly used to measure this construct, an exploratory factor analysis generated a unique one-dimensional factor of empathy. It has shown strong convergent validity, correlating positively with behavioral measures of social decoding and self-reported measures of empathy \[[@pone.0215569.ref013]\]. It comprises 16 unidimensional items representing a wide variety of empathy-related behaviors, including emotional contagion, the demonstration of appropriate sensitivity following assessment of emotional states in others, altruism, sympathetic physiological arousal and pro-social helping behaviors.

The detailed protocol can be found at: <http://dx.doi.org/10.17504/protocols.io.w8qfhvw>.

Study design {#sec005}
------------

Based on the internal validity of the study, quasi-experimental design is used, as an attempt to control the influence of extraneous variables on the results. According to the number of evaluations it is a transverse study, since the participants are evaluated in a single temporary moment.

Procedure {#sec006}
---------

The written informed consent of the study participants was obtained, ensuring the confidential treatment of the data collected. The purpose and characteristics of the research were explained to them. The students completed the questionnaires with an average time of 25--30 minutes. The team members collected the information in one phase. The study complied with the ethical values required in research with people, respecting the fundamental principles included in the Declaration of Helsinki, in its updates, and in the regulations in force. This study was specifically approved by the Bioethics Committee at the University of Burgos, Spain, (IR 15/2018).

Results {#sec007}
=======

The main objective of this work is to confirm, from the total measurement of the cognitions of the mindfulness construct, the relationship between practicing mindfulness (in informal contexts) and improving empathy.

To test the proposed model ([Fig 1](#pone.0215569.g001){ref-type="fig"}), we used the PROCESS macro for SPSS developed by Hayes \[[@pone.0215569.ref039]\] and specifically Model 4, a mediation model with one mediating variable. We based our analytical strategy on this procedure to evaluate the positive indirect effect of mindfulness practice on empathy through the mediating process of mindfulness cognitions. The indirect effect was calculated using 10,000 bootstrap samples for the bootstrap confidence intervals (CI) corrected for bias. An indirect effect is considered statistically significant if the CI established (95% CI) does not include the value 0. If the CI contains the value 0, the null hypothesis establishes that the indirect effect is equal to 0, i.e. that there is no association between the variables considered \[[@pone.0215569.ref034]\]. In addition, this technique allows the introduction of dichotomous variables into the model (in this case having practiced mindfulness or not), without the restrictions and disadvantages that others such as Structural Equation Modeling -SEM- (by means of Weighted Least Squares (WLS)-) present.

![Hypothesized mediation model: Indirect effect of mindfulness practice on empathy through mindfulness cognition and total effect of independent variable on dependent variable.](pone.0215569.g001){#pone.0215569.g001}

The PROCESS macro (Model 4) was used to test Hypothesis 1, which established that mindfulness practice impacts on empathy.

For this hypothesis, the results reflecting the total effect of mindfulness practice (IV) on empathy (DV) confirm that practicing mindfulness improves empathy (B = .299, p\<.001).

As regards Hypothesis 2, we also confirmed, as expected, that mindfulness practice improves mindfulness cognitions (B = .479, p\<.001). Furthermore, as proposed in Hypothesis 3, the improvement in empathy relates to changes in mindfulness cognitions included in the FFMQ (B = .346, p\<.001).

The results in respect of Hypothesis 4 suggest that the positive direct effect of mindfulness practice on empathy (B = .133, p = .088) disappears if the mediation of mindfulness cognitions in that relationship is taken into account, as considered in our exposition ([Table 1](#pone.0215569.t001){ref-type="table"}).

10.1371/journal.pone.0215569.t001

###### Mediation model (PROCESS, Model 4): Indirect effect of mindfulness practice of (IV) on empathy (DV) through changes in mindfulness cognition (mediating variable).

![](pone.0215569.t001){#pone.0215569.t001g}

  -----------------------------------------------------------------------------------------
                                                           B      SE       p
  -------------------------------------------------------- ------ -------- ----------------
  Mediating variable model (DV: Mindfulness cognition)\                    
  Predictor                                                                

   Mindfulness practice                                    .479   .095     .0001

  DV: Empathy\                                                             
  Predictors                                                               

   Mindfulness cognition                                   .346   .055     .0001

   Mindfulness practice (Direct effect)                    .133   .088     .132

  Total effect                                                             

   Mindfulness practice                                    .299   .090     .001

  Indirect effect                                          B      BootSE   Boot 95% CI

  Mindfulness practice → Mindfulness cognition → Empathy   .166   .047     \[.087, .272\]
  -----------------------------------------------------------------------------------------

IV = independent variable; DV = dependent variable; CI = confidence interval.

In [Fig 2](#pone.0215569.g002){ref-type="fig"} we can observe the results of the mediation model, which indicate that the indirect effect is significant.

![Results of the mediation model: Indirect effect of mindfulness practice on empathy through mindfulness cognition and total effect of independent variable on dependent variable (unstandardized regression coefficients) \*\*\* p\<.001.](pone.0215569.g002){#pone.0215569.g002}

The second objective is to determine which facets of mindfulness play a mediating role in the total effect between practicing mindfulness and empathy.

To verify which dimensions of mindfulness play a mediating role in the relationship between mindfulness practice and empathy ([Fig 3](#pone.0215569.g003){ref-type="fig"}) we used the PROCESS macro for SPSS developed by Hayes \[[@pone.0215569.ref039]\] and specifically Model 4. As in the previous objective, the indirect effect was calculated using 10,000 bootstrap samples for the bootstrap confidence intervals (CI).

![Hypothesized mediation model: Indirect effect of mindfulness practice on empathy through each mindfulness facets separately (H = hypothesis).](pone.0215569.g003){#pone.0215569.g003}

[Table 2](#pone.0215569.t002){ref-type="table"} presents the results of the indirect routes of mediation of each mindfulness facets separately.

10.1371/journal.pone.0215569.t002

###### Mediation model (PROCESS, Model 4): Indirect effect of mindfulness practice (IV) on empathy (DV), presenting the mediating impact of each mindfulness facets separately (mediating variable).

![](pone.0215569.t002){#pone.0215569.t002g}

  Indirect effect                                     B      BootSE   Boot 95% CI
  --------------------------------------------------- ------ -------- -----------------
  MP → Observing → Empathy                            .136   .038     \[.072, .224\]
  MP → Describing → Empathy                           .101   .033     \[.044, .178\]
  MP → Acting with awareness → Empathy                .024   .022     \[-.006, .085\]
  MP → Non-judging of inner experience → Empathy      .100   .016     \[-.008, .057\]
  MP → Non-reactivity to inner experience → Empathy   .096   .037     \[.038, .186\]

MP = Mindfulness Practice

As seen, only the indirect effects of the mediation models in which the mediating variables are observing, describing and non-reactivity to inner experience are significant. Therefore, we can consider that the facets acting with awareness and non-judging of inner experience do not play a mediating role in the relationship established between the practice of mindfulness and empathy.

Our analysis of the significant indirect effects ([Fig 4](#pone.0215569.g004){ref-type="fig"}) revealed that mindfulness practice impacts on observing (H1: B = .828, p\<.001) and this in turn effects empathy (H2: B = .164, p\<.001). Moreover, the positive direct effect of mindfulness practice on empathy (H3: B = .163, p = .075) disappears if the mediation of the observing facet in that relationship is taken into account.

![Results of the mediation model: Indirect effect of mindfulness practice on empathy through each mindfulness facets separately (unstandardized regression coefficients) \*\*\* p\<.001, \* p\<.05.](pone.0215569.g004){#pone.0215569.g004}

As regards Hypothesis 4, we found that mindfulness practice impacts on describing (B = .587, p\<.001) and this capacity in turn impacts on empathy (H5: B = .164, p\<.001). However, this mediation is partial, and the direct effect is significant (H6: B = .198, p = .025).

As regards Hypothesis 7, we found that mindfulness practice impacts on non-reactivity to inner experience (B = .557, p\<.001), with a concomitant effect on empathy (H8: B = .173, p\<.001). However, this mediation is also partial, and the direct effect is significant (H9: B = .203, p = .026).

Discussion {#sec008}
==========

The findings found in this paper seem to indicate that mindfulness practices in informal settings involve modifications in mindfulness cognition, and that these also influence the development of empathy.

Its importance and the confirmation of a positive relationship between both variables has been pointed out in the review carried out, although we intend to advance with the study of the mediating effects of mindfulness thought in relation to empathy. A growing body of research on the benefits of mindfulness has begun to show its potential as an intervention strategy for improving mental health and overall performance.

However, Shapiro et al \[[@pone.0215569.ref040]\] considers it necessary to identify the mechanisms of action that are the basis of mindfulness in order to determine whether its development is what really leads to the positive changes that have been observed in many fields.

In addition, research with university students points to the need to increase investigation into positive aspects of functioning \[[@pone.0215569.ref009]\].

The study presented aims to respond to both shortcomings, on the one hand to provide new data in the university and non-therapeutic field that reaffirm the importance of this relationship; and on the other hand, having detected the lack of studies on the mediating effects of mindfulness, to shed some light on the underlying process.

Numerous studies have found a correlation between the practice of mindfulness and empathy, yet most of the literature collects results from structured mindfulness programs, carried out in professional or therapeutic contexts applied mainly in health contexts \[[@pone.0215569.ref024]\], as well as in academic contexts like that of the present study \[[@pone.0215569.ref041]--[@pone.0215569.ref044]\].

The meta-analysis conducted by Konrath \[[@pone.0215569.ref045]\], which analyzes 72 studies on empathy on university students in the United States between 1979 and 2009, shows a 40% empathetic decrease in students from 30 years ago until today, which is detrimental to attitudes of understanding, compassion, concern or empathy towards other people.

Studies carried out applying a program of meditation among the university population \[[@pone.0215569.ref046]\] in order to test the effects of meditation on alexithymia and social skills, revealed significant differences in the social skills variable and in five of its post-test measures factors.

Barbosa et al. \[[@pone.0215569.ref032]\] have pointed to the effects of programs based on mindfulness to reduce anxiety and increase empathy in a sample of students; along the same lines Sierra et al. \[[@pone.0215569.ref008]\] have shown a decrease in school stress and an increase in empathy in high school students. Other works that relate both constructs \[[@pone.0215569.ref047]\] point to benefits and state that, even brief interventions---5-minute meditation -, improve empathic understanding and the ability to decode emotions and mental states from subtle facial signals.

The theoretical relationship between the two constructs could be in the Grossman et al. \[[@pone.0215569.ref048]\] definition of mindfulness: the ability to maintain attention from moment to moment on emotional and social events, which may be ours or others\', and in a non-evaluative manner.

Concurring with Viciana et al. \[[@pone.0215569.ref009]\] on the current need to study aspects of positive functioning in the university sector, our results seem to confirm that these informal practices have an effect on trait mindfulness \[[@pone.0215569.ref020]\], and that this implies an improvement in their levels of empathy (Hypothesis 1 and 2). Moreover, in the presence of this mediator, the direct effect of the practice of mindfulness on empathy disappears (Hypothesis 4), confirming the total mediation of the cognitions of the mindfulness construct in this relationship (B = .166, BootSE = .047, Boot 95% CI = \[.038, .186\]).

The findings of the second objective indicate that the observing dimension is the most robust mediator between the practice of mindfulness and empathy. And, although to a lesser extent, the describing and the non-reactivity of the internal experience dimensions also mediate in this relationship.

Further work is therefore needed to establish that mindfulness programs that aim to improve empathy should focus on these three components.

One of the limitations of this work arises from the unequal gender distribution of the sample, in which there is a bias towards the female gender. However, as stated before, we consider that it is a sample that represents in its composition the distribution of the population studied.

Another possible limitation to the study derives from self-reported measures as the only measure for mindfulness and empathy, although the instruments used have proven reliability and validity and are constructed from a factorial analysis of the most relevant scales on both constructs. Some authors point out the difficulty of differentiating subjective perception or actual increase, and propose, for example, to complement the results by means of a situational assessment of empathy---using execution measures or biological markers such as oxytocin---in order to differentiate between exact and subjective empathy \[[@pone.0215569.ref019], [@pone.0215569.ref049]\] mindfulness behavioral measures \[[@pone.0215569.ref050]\] and/or objective monitoring of mindfulness practice \[[@pone.0215569.ref051]\].
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